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APPENDIX 9.D — DESIGN CHARTS

The following design charts are included in this Appendix.

Chart Shape gggttiz)or: Material Type

1 Circular Inlet Concrete

2 Circular Inlet Metal

3 Circular Inlet Metal Beveled Ring Control

4 Circular Critical

5 Circular Outlet Concrete n=0.012

6 Circular Outlet Metal n=0.024

7 Circular Outlet Metal n = 0.0328 to 0.0302

8 Box Inlet Concrete

9 Box Inlet Concrete Wingwalls 18° to 33.7° and 45°

10 Box Inlet Concrete 90° Headwall, Beveled Edges

11 Box Inlet Concrete Skewed Headwalls, Beveled Edges

12 Box Inlet Concrete Flared Wingwalls, Normal and Skewed
13 Box Inlet Concrete Offset Flared Wingwalls, Beveled Edge
14 Box Critical

15 Box Outlet Concrete n=0.012

16 Box Inlet Metal Rise/Span < 0.3

17 Box Inlet Metal 0.3 < Rise/Span< 0.4

18 Box Inlet Metal 0.4 < Rise/Span < 0.5

19 Box Inlet Metal Rise/Span > 0.5

20 Box Critical

21 Box Outlet Metal Concrete Bottom, Rise/Span < 0.3

22 Box Outlet Metal Concrete Bottom, 0.3 < Rise/Span < 0.4
23 Box Outlet Metal Concrete Bottom, 0.4 < Rise/Span < 0.5
24 Box Outlet Metal Concrete Bottom, Rise/Span > 0.5

25 Box Outlet Metal Metal Bottom, Rise/Span < 0.3

26 Box Outlet Metal Metal Bottom, 0.3 < Rise/Span < 0.4
27 Box Outlet Metal Metal Bottom, 0.4 < Rise/Span < 0.5
28 Box Outlet Metal Metal Bottom, Rise/Span > 0.5

29 Elliptical Inlet Concrete Horizontal

30 Elliptical Inlet Concrete Vertical

31 Elliptical Critical Concrete Horizontal

32 Elliptical Critical Concrete Vertical

33 Elliptical Outlet Concrete Horizontal and Vertical

34 Pipe Arch Inlet Metal

35 Pipe Arch Inlet Metal 457-mm Corner Radius

36 Pipe Arch Inlet Metal 787-mm Corner Radius

37 Pipe Arch Critical Standard

38 Pipe Arch Critical Structural Plate

39 Pipe Arch Outlet Metal n=0.024

40 Pipe Arch Outlet Metal 450-mm Corner Radius

41 Arch Inlet Metal 0.3 <Rise/Span< 0.4

42 Arch Inlet Metal 0.4 <Rise/Span < 0.5

43 Arch Inlet Metal Rise/Span > 0.5

44 Arch Critical

45 Arch Outlet Metal Concrete Bottom, 0.3 < Rise/Span < 0.4
46 Arch Outlet Metal Concrete Bottom, 0.4 < Rise/Span < 0.5
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Control

Chart Shape Section Material Type

a7 Arch Outlet Metal Concrete Bottom, Rise/Span > 0.5
48 Arch Outlet Metal Earth Bottom, 0.3 < Rise/Span < 0.4
49 Arch Outlet Metal Earth Bottom, 0.4 < Rise/Span < 0.5
50 Arch Outlet Metal Earth Bottom, Rise/Span > 0.5

51 Long Span Inlet Metal Circular or Elliptical

52 Long Span Inlet Metal High- and Low-Profile Arch

53 Long Span Critical Metal Circular or Elliptical

54 Long Span Critical Metal High and Low Profile

55 Circular Inlet Throat Control, Side Tapered

56 Circular Inlet Face Control, Side Tapered

57 Box Inlet Concrete Throat Control, Side Tapered

58 Box Inlet Concrete Face Control, Side Tapered

59 Box Inlet Concrete Face Control, Slope Tapered

60 Box Inlet Concrete Roadway Overtopping
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CHART 5B
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CHART 6B
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CHART 10B
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CHART 11B
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CHART 12B
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HW ON SCALE FOR 8.4° Los
5 wWw -0.5 05 -
T
EQUAL
FLARE
ANGLES —_—
WINGWALL —
OFFSET ~ HEADWATER DEPTH FOR INLET CONTROL
FLAN RECTANGULAR BOX CULVERTS
BURE AU OF PUBLIC ROADS OFFSET FLARED WINGWALLS

OFFICE OFRBD AUGUST 1968 AND BEVELED EDGE AT TOP OF INLET
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CHART 14B
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CHART 15B

Slopa Sg—e
SUBMERGED QUTLEY CULVERT FLOWING FuLL

For outlet crown mot submaerged, compuls HW by
methods described in the design procedurs

HEAD FOR

CONCRETE BOX GULVERTS

FLOWING FULL
n=0.0I12

HEAD (H) IN FEET
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40¢
5000
4000 Entrance Condilion (2) (3) ( )
Fs0 I
(2) 90° hesdwall T _,:F_SO
+ 1 ¥
300 3000 (3) Thick wall Fa0 T F5.0
piojecting. j: F40 T
(5) Thin wan I T T 40
00 i —+30 =+ -+
250 Ed projecting. T°% T 40 T
1 T T 4-3.0
I 1500 + T +
T T B
- — T + +
—+200 o T2 1,0 1
1 ~ .
1000 1.8 7 20
4 0 3 ELB il
900 ’ 1.6 <+ 1.8
1 800 x 1 T6 T 6
L 41
T 700 bt “+14 :_ ta T
~+-150 ___ 5-_.2‘,.,\ 800 e 1 1 La
pe 1 140 Rt € |,
© + o 0 4 Lo +
> 4130 g T~ 21 {12
3 1 .E - — T ’
e 5 |1
»” T o [ T 10
o +10 = 8T 4
@ ] o 300 - 4 9 1.0
S 4 100 g =1 T 7
« T £ S r + .9
o o o t+ 8
(=] 1 90 ® 200 ™ 1.8 -+
L ¢ o ¢ 4
x T 4 8
T 150 5 T7 47 4
4 .
o | |
4 70 ,; - -4 7
« 4
Tt 100 T 18
160 :g 1 1 T 8
1 70 5 T
+ i
1 60
—1" 50 -1+ 5
1 50 T 1
] — 40 T
-T 40 - Example T4 | 4
1 c ' T 4
1 — 30 Q=494 cls
4 |"_‘ SAN ’—‘l Entrance HW HW T
1 Type D (i T 1
2
Lo 20 (& 102 459
&3] 1.05 473 3 3
15 6 113 509 ' 43
Noemographs adapted From material furnished by H EA DWATER DEPTH

Kaiser Aluminum and Chemica) Corporation

FOR C.M. BOX CULVERTS
RISE 7/ SPAN «0.3
WITH INLET CONTROL
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CHART 17B

+ 700
1 soo
1 5000
T S00Q 4000
4 3000
4 400
\ 2000
L ™ .
1 N, 1500
+ 300 ™~
: 1000
-L 250 900
i 800
1 700
- A 600
- 4 200 ;
> 1 :—': 500
= + c
o = 400
” L —
e X o
300
+ 150 °
: :
o + 140
‘o 130 S
< f g 200
T+ 120
L e 150
+ 100
T 100
-+ 90 80
+ 80
+ B0 70
T 60
4 70 5o
T 60 T
L 0
[ Q E
- .-J-
+50 |-— SPAN —-I
-+ 40

ication ol 1his nomagraph may distorl scale

Nomographs adapted from material furnished by
Kaiser Aluminum and Chemical Corporation

,-\
n
)
@
o

1:50 +
- —+50
Entrance Condition T +
Jao Fso
{2) 90* headwall. T -+40 T
(3) Thick wal F F e
projecting. 3.0 --30 T
(5) Thin wan T T T30
projecting. -+ T +
+ +
T29 1.0 4
<418 T 2.0
I T 1
4 T +18
16 1is I
T + s
— +1.4 .1..14 A
QT T t1a
Y
412 T'2 L
N ® | -+ +1.z
\ -
" ‘;"r“’ 410 T
~_ 21, 1 die
\E 1 T9 L
2Nl - = — o
£ +8 T
a <
81+ 1
s 17t T
kg
a T 4.7
% 4
4+ 6 —+
@
; <+ 6
- T 1 1.6
o
o L -
2 s {5
: 4 —+ .5
T4 1,
+.4
T -+
40
Example: 4.3
D=8.08 tt T3
30 0=960 cfs T3
Entrance HW HW
Type [+] ft
w0 @ 081 654
3 083 67t
i5) 0.8 7119
15 HEADWATER DEPTH

FOR C.M. BOX CULVERTS
0.3 s RISE / SPAN «0.4
WITH INLET CONTROL
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@ @ ® D
700 Enirance Conditions - —::5'0 4
Tao T Fso0
(2) 90" heagwall, T Fao F
600 + X +
5000 Fao
\ {3) Thick wati Tao T +
4000 projeciing. 4+ _:3,0 T
500 \‘\ {(S) Thin weil :: <+ ::3'0
\ 1000 projecting, 4+ -+ <
™~ 420 T T
\ -+ —;_—2.0 T
400 2000 T8 F1e 20
I + Jis
N T 1w
T + 1.8
1500 N ::1.4 414 1
~ ey T + 14
300 . ~ T'2 412 &
1000 . 1
900 . 4+ T2
250 800 NET 410 T
- 700 ,:" +4 1 '
[
. 800 axte_ | '
- — . iy
E L 500 T -+
b 200 0 e 41s + .9
c +8 +
° = 400 £ 1 8
@ ) 3- -+ -+ .58
- - a T7 7 =+
na o 300 o -+
c b 4+ 4 4.7
[} 150 " [3
< £ 21 |, 4
140 ® 200 H T
130 o £ | _r__g
120 150 s 4
-+.5§ 4
no 2 -8
d —+.5
x
100 100 T T
Exampls: 92 <
D=9.87 1t %0 8 +4 1.
0=1520 cfs 70 la
Ent HW % 80
L
"T;'p';“ Uy Hh 50 <+ +
2 o088 851 10 {_
1] 090 870 40
. 2.38 w 4 4.
5  0.97 60 ? .3 3 1,
i 30 ’
I-—smn ——-I
50
20 HEADWATER DEPTH
Duptication ol 1hi$ nomograph may disfon scale 15 FOR c.“. Box CULVERTS

Nomographs adapted from material furnished by
Kuaiser Aluminum and Chemical Corporation

0.4 < RISE / SPAN <0.5
WITH INLET CONTROL
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Example:

D=8.0 11
Q=1004 cts
Entrance HW HW
Type D it

2 104 822
@ 107 856
B 115 8.20

=+ 80

~ Sum,,
"-._‘_-‘-

l-—sn-w —4

CHART 19B

L—a-s;

Nomographs adapted from material Furnished by
Kaiser Aluminum and Chemical Corporation

Discharge (Q} in cts.
w
(=]
o

5000

4000

3000

2000

1500

1000
%00

o N @
8828

o
[=]
[=]

L 3
o
o

N
o
o

-
w»
o

100
80
0
80
50

(2) 90° headwall.

Entrance Condilions

(3) Thick wail

projecting.

(5) Thin wau

40

30

projecting,

/

/

@ @ O
<50 T 4
T 450 I°°
ol F -+50
_:40 E
T T Fao0
<430 4 +
+ a0t
T T 430
+ I I
T%° 120 4+
+18 T8 T20
T + +18
1% +16 +
§ T16
T14 -F 14 T
T -+ -L14
412 41z +
— T + -+ 12

/
I
I
|
!

1 —+1.0
-+
+ 5 =+1.0
+.9 4
T + +.8
T.8 48 +
T <+ T.8
T .7 4
=+ .7
<+ +.7

Ratio of Headwater Depth to Rise (HW /D)

+ .8
T 1
T3 —+.5

4 5
+ 1

+
+ .4 1l

-+ .4
T3

+.3
-+ .3

HEADWATER DEPTH
FOR C.M. BOX CULVERTS
0.5s RISE / SPAN

WITH INLET CONTROL
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.7 ! i
e f
; T EXAMPLE —
. i I N RISE (0) = 611 6 In ]
s "?%V SPAN (B} = 22 f | in ]
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%_ 1T @v f 1 FLOW (Q) = 1080 ft /g 1
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CHART 21B Q

3000 < T
wl
]l CULVERT v
14
AREA |
2000 -} [
-+ b SPAN
1500 L
T +-150
1000 & +#10
900 ¥ +130
soo ¥ +i20
700 1 Tho
E3 —+l00
. 800F% L90
a ; g -
o soof T
£ 1 +70 E
5 400 I I -
e F~ _+e0 5
¥ i .
® I . Kfij - T
2 a0 4 +50 ~ — =
3 T - s T TS -
f, + ‘lt_.) \_? — L4
@ + 1467400 ¢ O Erem o
a 4+ 2] ;‘;-\me T
5
200 4 r
430
.
120 < Area (ft?
100 4 p (1)
c
€ 20 - 30 0.025
1
= 31 - 150 0.024 T 12.0
+14.0
1 16.0
50 1. T+ 180
+ 200
/_—._\___H
Hw — e - HEAD FOR

Sl So—= TRV o M BOX CULVERTS
SUBMERGEOD QUTLET CULVERT FLOWING FULL
FLOWING FULL
ool o bdiptes Irom materiaf faraished by CONCRETE BOTTOM

mical Corporation

Duplicalion of this nomagraph may dislart scale R ‘s E , SPAN - 0-3
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CHART 22B Q
3000
CULVERT i
AREA &
'S
2000
SPAN
1500
& 75
1180
-+-170
b .
1000 -+~140 )
800 Liao
800 “+120
=+ 110
700 L 100 iy
P 800 -~ \-‘:go
T s00 Teo 2.0
[ 1 3
§ 400 - 60 25 -E-
& t 3.0 =
& 300 %0 T
£ I 35 g
2 &
» 140 w3
@ 45
200 - .8
<4 30 )
+ 6.0
I 4+ 70
. Area gftfz Y Lo
T 5 T + 9.0
100 g 25 - 7% 0.025% 4 10.0
£ 76 - 200 0.024
2 + 12.0
+ 14.0
+ 180
50 4 180
+ 200
ow| =t e HEAD FOR
—— he
1
Slope  Sg —w e T e c- M. BOX CULVERTS

SUBMERGED QUTLET CULVERT FLOWING FULL

FLOWING FULL
CONCRETE BOTTOM
0.3 = RISE/SPAN < 0.4

Nomographs sdapted from material furnished by
Kaiser Aluminum angd Chemical Corparation

Duplication of this nomograph may disio scale
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Nomographs adapted from material furnished by
Kaiser Aluminum and Chemical Corporation

D

3000 1

2000

1

1Ql in cts.
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ion of this

500

000
900

800
700

600
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400
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i
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100

50

may distort scale

CHART 23B

CULVERT %
AREA I
L—SPAN —_—
4 220
I 200
BT
+ 160
——": 140 J::; I
— __tl20 A%
B S U H=14
-+ 100 Ke~.
+ 90 ) 05\&%
— 80 L \300\
+ 70
<+ 60
-+ 50
4 40
+ 30
Area (ft?) s
420 £
'é. 20 - 57 0.026
g 58 - 142 0.025
2 143 - 220 0.024
/T T
HW — R -
> B o]
N Stope Sp —e W

SUBMERGED OUTLET CULVERT FLOWING FULL

.75

1.0

- 1.5

n
°

Head (HI in feet

o 0 A a0 W
o o wo = o

- 7.0

+ 8.0
T 9.0
<+ 100

+ 120

+ 140
4 160
+ 180
<1 200

HEAD FOR

C.M. BOX CULVERTS
FLOWING FULL
CONCRETE BOTTOM
0.4 < RISE/SPAN <0.5
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CHART 24B D

3000 o
CULVERT
AREA
2000 -
¥ - .75
1500 +
+
<+
4 - 1.0
1000 *
900 ¥ ~-120
B0} N0 15
¥ ~+ 100
700 ¥ Lo
, 600 "SE' -+ 80 - 2.0
s X\ ! :
o 500 ¥ T 70
c ¥ \r\ F2.5 o
- I -1 60 o
g ot i \ -30 ¢
B | £
® T T5%res » L35 =
o oI - — z
s °T SO n? F4.0
£ 1 —+4
0 45 @
g i F5.0 X
200 4 L 60
- 7.0
i - 8.0
- 9.0
g -10.0
100 4 e
g L12.0
<
2 L 14.0
- 16.0
-18.0
-20.0
so L

_ HEAD FOR
/ \——

— J;h—vn C.M. BOX CULVERTS

Siope S ——w RTINS FLOWING FULL
SUBMFRGED OUTLET COtVERT FLOWING FULL CONCRETE BOTTO“

0.5 < RISE/SPAN

Nomographs adapted from material furnished by
Kaiser Aluminum and Chemical Corporation

Duplication of this nomograph may distort scaie
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CHART 25B
3000
1 CULVERT
AREA
2000 4
:: L—SPAN + .75
1so0 I 410
1 +150
4 + 140
1000 T 130 415
900 ¥ +120
800 .—:.E— +110 420
+ -+ 100 .
700 ¥ -
¥ + 90 T
e : - 25
@ E S + 80 430
o 500 3+ r
c ¥ + 70 135 3
- ¥ i +a40 2
S 00— T --4.5 £
° F ooy S 450 =
b + -+ E
® 3004
| O od 0 3
L a = T~ — Ke =
A L N 10 2
o) T %0 [ £x +8.0
200 4 r T e 190
10 +10.0
{ +12.0
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_5 ~J14.0
. 2 +16.0
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wo L g +18.0
P Area (ft?) n T20°
20 - 28 0.035
29 - 63 0.034
64 - 150 0.033
so L
- - - j’
HW / \ -—vr
I HEAD FOR
- -
Siope S —w VAOT C. M. BOX CULVERTS

SUBMERGED OUTLET CULVERT FLOWING FULL

FLOWING FULL
Nomographs adapted from material furnished by COR RUGATED METAL BOTTOM
Kaiser Aluminum and Chemical Corporation
RISE/SPAN «0.3

Ouplication of this nomograph may distort scale
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{Q] in cts.

Discharge

2000

1500

1000
900

800
700

600

500

400

300

200

100

50

CULVERT
AREA

-4 200
+4-190
+4-180

F7o
1160
<150
+140
4130

-T-120

Nomographs adapted from material furnished by

Ksiser Aluminum and Chemical Corporation

Dupiication of this nomograph may distort scale

CHART 26B

SPAN

—

~ - Ke=0 25
— 3k -
874 ) TS
O~
005, Qa,,,%
£
F
3 Area (ft?)
2
20 - 30 0.035
31-63 0.034
64 - 154 0.033
155 - 200 0.032
nw| —4 :'H_—"

_

ho

Siope Sg —e W
SUBMERGED OQUTLET CULVERT FLOWING FULL coRRUGATED METAL BWTON

0.3 < RISE/SPAN < 0.4

HEAD FOR
C. M. BOX CULVERTS
FLOWING FULL
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3000

2000

1500

1000
900

800
700

600

500

400

Q) in cfs.

300

Discharge

200

100

50

CULVERT
AREA
l220
[ 200
180
L 160

P U A S

- 140

+ 120

+ 100
-:- 90
Feo
+70

-+ 60

.

——— —

40

-

+ 30

ares = 410 ft

—

2

Turning Line

CHART 27B

Area (ft?)

20 - 57
58 - 142
143 - 220

.
0.034

0.033
0.032

H

/[~ TN T o

h
4

Slope Sg ——e

AT 7T

SUBMERGED OUTLET CULVERT FLOWING FULL

Nomographs adapted from matcrial furnished by
Kaiser Aluminum and Chemical Corporation

Duplication of this nomograph may distort scale

HEAD FOR
C.M. BOX CULVERTS
FLOWING FULL

CORRUGATED METAL BOTTOM

0.

4 < RISE/SPAN<0.5
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CHART 28B
3000
CULVERT w
AREA _f_
2000
L—-—— SPAN —J T 78
1500
1000
Tios
T = o
800 1100 Sdgal e
700 ._: 90 600 c'ﬁ__\—-\f: -
. e0f— 80 e Lamg,
8 [ oy
®  s00 <70 200~
< - ®
-+ 60 2
§ 400 L e
~ 50 —
® X
g 300 S =
°
£ —+-40 H
e 2
Q
200
£
-
&
= 2 = +18.0
100 S Area (ft%) n | v
40 - 56 0.034
§7 - 120 0.033
50
/?___—\_—H
W Li.° had HEAD FOR
Siope So —e VFVZTT 6 M ..BOX CULVERTS
SUBMERGED QUTLET CULVERT FLOWING FULL
FLOWING FULL
Non;ou—aplu adapted from material furnished by CORRUGATED METAL aorTou
Kaiser Aluminum and Chemical Corporation

Ouplication of this nomograph may distort

scale

0.5 s RISE/SPAN
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151 x 97

136 x 87

F121x 77

Fl3x72

~106x68

-98x63

- 91x 58

T

—
—

-
=76 x 48

- 68 x 43
- 60 x 38

53 x34

- 49 x 32

- 45x 29

42 x27

SIZE (SPAN x RISE) OF OVAL PIPE IN INCHES

- 38x 24

-~ 30x 19

—23x 14

BUREAU OF PUBLIC ROADS JAN. i963

83x53 -

DISCHARGE (Q) IN CFS

CHART 29B

— 3000 EXAMPLE

+ 5i010137:$! ‘:6"

C = cfs (2)

- 2000 (3

o HW * Hw — 4.0

r 3] (feet) ( | ) | — 4.0

E ) 2.8 ne o 30 -

- 2 22 8.8 —40 3. |

— 1000 (3 23 92 L C 3.0

- 800 *Din feet 30 o B

B T e - T

— 600 - = — 2.0 B

- 500 . - C N 20
e B r

- 400  exM® 20 [ C

- // - -

300 af B s

- \ ul .

i — 1.5 -

- 200 ; L r

E w B B

o To use scale (2)or (3) 9 B

o draw a straight line [+ 4 o -

r 100 through known values w

- of size and discharge o —--= 1.0

- 80 to intersect scale (1). L 10 ) 1.0

- From point on scaie (1} ;’ - B -

- 60 project horizontalty to | - -9

r solution on either scale wi g

TS50 @ e - - -

- 40 z —.8 — .8

B .8

— - - -

I~ 30 g

r w

o a 7 .7 —.7

e 20 « -

o w ™ [~

- Hw /D ENTRANCE =l

- SCALE TYPE ] e e

F -6

- 10 (U] Square edge with :

8 headwall b L -~ -

I~ 2) Groove end with

6 headwall — .5 — .5

=5 (3 Grove end —+=5

_"_ a projecting

-3

C L (.

[ o L L 4 4 .4

3 0

o ol

HEADWATER DEPTH FOR
OVAL CONCRETE PIPE CULVERTS
LONG AXIS HORIZONTAL
WITH INLET CONTROL
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CHART 30B

~ 97 x 151
o 5000
— 4000
L a7x138 i EXAMPLE (2) (3)
- 3000 Size: 38"z 60" &
™ L Qs200 cfs m - —6
i
- 77x121 = 2000 Ha® o w - t"'
3 (feet) - 6 - 4 i
- 72x13 2 m 2.6 13.0 -5 - -:-4
o (@) 2.0 10.0 r " -
n | " L 3 r
68 x 106 L1000 21 108 4 =3
- *oi E C i
- 63x 98 _OOO 0 in feet t—_s : :
68600 :———. -2 ~— B
- o —— L -
58 x 91 - 500 P - e - r -2
» - - L r L
Wi 8383 - 400 il e 18 —F
o — 300 & ~f : -8
z o — C M s
Tl 48x76 r aFis |
z C 5 -
- _—F 200 x L
g ~— ok To use scale (2) or (3) wlr [
= 43168 ~ w — draw o straight line oL | I
a - — L o through known values (7]
J - Zr of size ond dischorge 2 -
; — ~[ 100 1o intersect scale (1) 5 10 10
o '/38 X 60 oL 80 From point on scale (1) - 1.0 r I
w w project horizontally to z o - .9 - .9
o oL g0 solution on either scale -r-.9 - N
— &L so @or <l
Wi 34x53 I - — .8 8
] O 40 al-8 3 -
-4 0L w
< 32x49 o or
— 30 po ~.7 .7
z F HW ENTRANGE 57
ar29x45 [ oo SCALE TYPE =N i )
< E 3
— C (1} Squore edge with I~ .6 - .6_
27x 42 - headwoll a6
E (2) Groove end with g - d
L 24x38 - 10 headwall B
[ 8 (3 Groove end n - .5 - 8
R projecting 3
— 6
-8 i
- 4
- . bt b
19 % 30 [, f—p-—| - 4 4 4
i i |
2 !
Lo
— 14 x23

HEADWATER DEPTH FOR
OVAL CONCRETE PIPE CULVERTS
LONG AXIS VERTICAL
WITH INLET CONTROL

BUREAU OF PUBLIC ROADS JAN. 1963
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CHART 31B C
34
l/
T
3.0 //(
P
A
/’/
. /
/'
2.0
//
7
o
/// dc CANNOT EXCEED TOP OF PIPE
'/
Y,
Y,/
ZGB’)ME'
1.0 1
53"'x 34"
- ﬁ?s‘x_zs'
w 8"x 29
w
w |
DN "x14"
h-]
[}
E o
E 0 20 40 60 80 100 120 140 160 180 200
(=) DISCHARGE- Q-CFS
2
o7
=
S
6 ,4;//
) ]  —
% '//
a4 // //
/. /// J J
7 / v d¢ CANNOT EXCEED TOP OF PIPE
; oz
e
/ & 151%97
2 121°%77
~I06'lq8'
9" x 58"
76"x 48'60')(38'
| /
0 ° 100 200 300 400 500 600 700 800 900 1000
DISCHARGE-Q-CFS
BUREAU OF PUBLIC ROADS CRIT'CAL DE PTH
JAN. 1964
26 OVAL CONCRETE PIPE

LONG AXIS HORIZONTAL
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CHART 32B
5
—t
b1
l‘f
//
CANNOT EXCEED TOP OF PIPE
-
w
w
w o
o 20 40 60 80 100 120 140 160 180 200
© DISCHARGE-Q-CFS
e
a
w
o
-
<
o
i ¢)
c
o
" o1
8 ////
ot —T
//// — ]
/
6 — /,2;//‘
/./
///;
4 < Iﬁﬁlsv
r X
///ﬁnau' dc CANNOT EXCEED TOP OF PIPE
/68" x106"
/ 53" x 91"
2 48"x76"
38"x60"
0
0 100 200 300 400 500 600 700 800 900 1000
DISCHARGE- Q- CFS
BUREAU OF PUBLIC ROADS CRITICAL DEPTH
JAN. 1964 OVAL CONCRETE PIPE

LONG AXIS VERTICAL
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CHART 33B o

2000
- |
Zlw
L HF
F g 3
F (=
[~ 1000 _ ~ 0.4
. TN Slope So— L
- 800 SUBMERGED OUTLET CULVERT FLOWING FULL L 05
r r151x97 -
- 600 For outist crown not submerged, compute HW by - 0.6
F - 136 x87 methods described in the design procedure
- 500 - - 0.7
- F12ix77 - 08
;400 FH3x72 ~0.9
r F106x68 - 1.0
[ 300 - 98163 I
L - 91x 58 3
[ L
- » [ 83x53 L
. 200 w [
oF Sh7exas [
o z w2
[ - 6! w |
2 . . z 8x 43 el
o 2w -~ Z|
=00 ~—u[60x38 S =1
wi (3 BN s - o )
b4 o @ ~ ></‘9 P’ -}
§ - 80 » ?3l3} ~ 2 [
or Z-39x32 w L
ar g x4
o[ 6o O | 45x29
- 80 B e2x2? -5
40 (7] NOTE L6
r38x24 Dimensions on size scale ore 20
I ordered for long axis horizontal ~F7
L 30 installation. They should be L 8
F reversed for fong axis vertical. L
L -9
i r30x19 L0
- 20
r F
i L23x14 I
Lo L 20
-8
L

HEAD FOR
OVAL CONCRETE PIPE CULVERTS
LONG AXIS HORIZONTAL OR VERTICAL
FLOWING FULL

BUREAU OF PUBLIC ROADS JAN, 1963 n=0.012
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CHART 34B O

r 5,000
- r 16'-7"x10'-1" - 4,000 (
L ! - 4
F sia®s gioae i (2)
15'-4°x 9'-3 3,000 EXAMPLE —a 3
Size: 36°x 22° 3 ~ 4
- * 20 ¢f i ]
. breoke-a 2,000 ar 2ot 3
X t L HW ® uw i -3
:é;‘" : lll 5- 7| 3. ° "“" [ [ i 3
L i1t-8x 7'- | S L
:;‘ ! [ "ooo (1] .10 2.0 - -
& t - @ 118 2.1 - 2 I
§5 | [ 800 ™ 22 2.2 [ r
o I 9'-6"x 6'-5" , -
z'g b - 600 *0 in test [ 2 2
TS - 500 r [
ez gty 5o 1.8
- - 8'-2"x5'-9 L 400 . ! -
[ F 300 | (18 Fus
- 7'-0" x 3'-1" | M
| - 200 |
Y ‘J-:’ L 6'-1*x 4'-7° s l-——-———:--——-——— L
@ -
< 7 =t
w v L 00 -~ Q © ~ 1.0
— Q - 72" x 44" u [ pd z [ |
¥z ST a0 - - - 1.0
B <« S F.9 *
“ L 65" x40 2r o w " ? I
o =1 60 B nt s
- <4 4 - .9
w w + 50 e a s
@ | 58"x 36" e} - w8 L 8
4 x [ 40 e (=}
» < s ol L - .8
2z SF3 - b
a - 50°x31° ol - SFrr Lo 1
pry otrs - :
= A hw ENTRANGE z T
N oasxerr 7 F o SCALE TYPE z | -
(72} - -
e (1) Meodwall a | .6
e w - .6
3 s r 10 @ Mitered to conform o - .6
S //. . I 8 1o siope 5
o F36°x 22 r 3 Projecting ’q— F
: s 2
z xr.s
= -4 Y - .9 - .5
. . To use scale (2) or (3) project
- 29°x18 L 3 horizontally to scale (1), then
use straight inclined line through
0 and Q scoles or reverss os I - +
 25°x 16" -2 itustroted.
. . |e————8 — [ - .4 -
F22°x 13 L 1o | ;
.8
i L .35
- .6 L .3%
L L 18" x 11" L s L .38
¥ ADOITIONAL SIZES NOT DIMENSIONED ARE HEADWATER DEPTH FOR
LISTED IN FABRICATOR'S CATALOG C. M. PIPE-ARCH CULVERTS

BUREAU OF PUBLIC ROADS JAN. 1963 W| T H | N LET CONT ROL
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EXAMPLE
SIZE 129'x8.3' Q=1000 CFS TYPE OF INLET
90° HEADWALL |
PROJECT N*(*)EADW“BLELVEL 33.7°x 0.100 BEVEL
AW /D 142 I.Z;V' 137 NO BEVEL \
hwhl e [ios o7 |, o PROJECT'NG\ | :
F [ — 4.
~ 16.6 x 10.l 3 6o [ 50 F 4.0
L E- 4000 S S
L . >Y F " 30
153x9.2 - 3000 Cao F -
I : s F  F30f
F [ 2000 > F L F
[ E z 30 |
B E 5 : - = 2.0
l=12.9x8.3 I—1500 w - [
T — r 2 K TZ.O :
- E o~ X r 200 [s
- S w § —~— :_Jgooo o N »—
i agg F-900~—£&X4mp  F 1.5
Fnaxze o <% [ 800 L % -
@ - —1.5
- 2 700 -9 51 R
S Rl
i z9¢% o [ = [+ |
: g :3 w -500 E | N
i I o [ 10
-a5x64 1 & g € -400 z 5
C ND2 T I E — 1. oo
- n " g Q 1300 a |10 - 0.
xg2 2 8 L 0.9
i ez= T «
| o —~0.9 -0.8
8.1x5.8 3 'ZQ L 200 E o
ago L 2 Tos
o Tal
L g o7 97
R u :
- i 0.7
70x 5.1 100 .
- - 90 B N
l-80 0.6
i 70 0.6
—6.1x46  QANOrE | - 60
-50 Los —05
— Los

PROJECTING INLET

WITH PARTIAL HEADWALL FOR ANCHORAGE

=L s

NO BEVEL
HEADWALL INLETS

BUREAU OF PUBLIC ROADS
OFFICE OF R& D JULY 1968

I8-IN. RADIUS CORNER PLATE
PROJECTING OR HEADWALL INLET
HEADWALL WITH OR WITHOUT EDGE BEVEL

o100 ° *° HEADWATER DEPTH FOR INLET CONTROL
STRUCTURAL PLATE PIPE - ARCH CULVERTS

9.D-37
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CHART 36B O

EXAMPLE
SIZE 17.4'x11.5' Q: 2500 CFS ;;fsegg“::l‘fT
HEADWALL
[Prosect el Pen 33.7°% 0.10D BEVEL ————\ o
HW /0] 164 | 145 | 132 NO BEVEL ——— . [ >
HWFT[189 | 167 | 152 PROJECTING — 40 F [
- 3o |
-30 L L 2.0
~ 6500 - -
I 6000 L
r r 20 |
- 5000 i i
S paof oy
; .
- 20.6x13.2 - 4000 x F i s T
C i n
- 19.9x 12.9 o /,(l:/:--———d—--——_
C ¢
o F3000  exT F  Los i
ou i - r |
19.3x123 & & - z
g2 _—" [ <t [ T
—— ul/ o u.
- E - 2000 S | o
FTE s 209 or g | '
®p & (T @« - 1.0
< d 1500 p
5k &t - 09
aga g L z - 1.0
6 Z° at T - 0.9
» T o
L15.8x107 0 O w It E
NN E 9 11000 w -09 - 0.8
& or S L9oo - 08
e L @
144 x 100 ‘é%g - 800 u’EJ - 08
o o X
e < 8 2 - 700 z - 07
&a = [ - o7
a3 600 =
ez r T Lor
L13.3x94 500
I - 0.6
EMBANKMEN - 0.6
SIDE
r 06
— 0.5
PROJECTING INLET - 0.5
WITH PART\AL NEADWALL FOR ANCHORAGE L 05

_.MIN

(:Li_k

‘°—_’ l—-owo

wosen 7;[;,;"“ HEADWATER DEPTH FOR INLET CONTROL
STRUCTURAL PLATE PIPE - ARCH CULVERTS
BUREAV OF PUBLIC ROADS 31-IN.RADIUS CORNER PLATE
OFFICE OF R8O JuLYIvee PROJECTING OR HEADWALL INLET
HEADWALL WITH OR WITHOUT EDGE BEVEL
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CHART 37B Q

20
1.8 ’:j
AT 4
’u-a 1.6 /,//
w
PP P
! / //
.:E -
a 12 A S
7T
3 2/
g // y dc CANNOT EXCEED TOP OF PIPE
= ood <
5 08 /////r/
1’1/ L 43527
0.6 F 36%22
29:(!8"i
25"x 16"
0.4
10 20 30 40 50 €0
DISCHARGE-Q-CFS
34
32 > il
30
- 28
o ,
2.6 -
w >
\ gha
o’ 24 /§
I' 22 A
- oA
a 20 » 74& ;
© s AI/ o
2 . /Aé dc CANNOT EXCEED TOP OF PIPE
S A
o1 7/ 7
S 12 7
. / -72"x 44"
Lo 65 x40
. 8[136'
0.8 0"x 31"
3'x#7'
06 L

(o} 20 40 60 80 100 120 140 160 180 200 220 24¢
DISCHARGE-Q-CFS

BUREAU OF PUBLIC ROADS

JAN. 1964 CRITICAL DEPTH
STANDARD C.M. PIPE-ARCH
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Culverts
CHART 38B Q

-]
! ] —Z
L1 A ~
A A
= 7
/,l ,/
4 /
[,
w T A 7 .
W A ~
< pdPpd
1 y d
T /7
: 3 / //
P / d
3 Lo
3 7 de CANNOT EXCEED TOP OF PIPE
t /' // 4
5 /| 7 E-3-6x6-5
’ 4 éo'g_ e
61" x 4‘-?
'
0 100 200 300 400 500 600
DISCHARGE-Q-CFS
9
—
8 =
/6/ "
E g
. Zeal
< v -
T 6 -
"
b= /
i e erd
w
e, //// palia
-
g // 7 i
E 4 //%(///
@
S /dV/a
4 16 -7"x 10" 1" do CANNOT EXCEED TOP OF PIPE
3 15'-4"x 9'-3"
v -5"x7'-
ﬁ!—i 5-6"x6-5" |
I 1 1 i

2
o] 200 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400
DISCHARGE-Q-CFS

BUREAU OF PUBLIC ROADS
JAN. 1964

CRITICAL DEPTH
STRUCTURAL PLATE

C.M. PIPE~-ARCH

18 INCH CORNER RADIUS
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— 300

L

T

|
nN
o
©

T T

DISCHARGE (Q) IN CFS
~
o

LELERE LI LR

BUREAU OF PUBLIC ROADS JAN. 1963

SIZE (SPAN X RISE) OF PIPE-ARCH

— 72"X 44"
- 65" X 40"

- 58"X36"
s"’t\

| sorx3
L a3 x27"

- 36°x22"

—29'x18"

- 25" X16"

" TURNING

CHART 39B

TR

LINE

T —EXAwpe
S1zp
x> ‘8\

x

Y4

HEAD FOR

Slope So—
SUBMERGED OUTLET CULVERT FLOWING FULL

For outlet crown not submerged, compute HW by
methods described in the design procedure

HEAD (H) IN FEET

]
>

T

T
o

)

IR

o© o ~N

LA LA B N B B B

w

IR

F 3

STANDARD G M. PIPE-ARCH CULVERTS
FLOWING FULL

n=0.024

9.D-41
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CHART 40B (D

= - T "
3000 !
b Hw =
F -—> ho
- L
r Vi c/a~"ia ~ 4 S‘OPC $0 e e > AT~ and
C SUBMERGED OUTLET CULVERT FLOWING FULL
- 2000
r - |
o For outlet crown not submerged, compute HW by
o methods described in the design procedure F
i o L
4 4,
~16.6%10.1 ot I
- . e\, 0:’0 0)& L
1000 | o : ol
- C15.3x% 9.2 : Wl 2
C - f - “r
b— wr £ |
I 800 E : o.& 6:\ S F
- Ci29x 8.3 o xr
E £ of
600 x | 20° 3
or e T
OF 500 < [1l4x 7.2 -
2 g < .
s er ,1?,/ o0 -
L4000 [ . o 2 |
wl w | ! !
8 & o5 64 *../ L,
- w | LD L
T30 21 19*/ 200
@ E ﬂ': L g2x %58 EXAMPLE — = —t 6
°r z | Q:260 ¢S ' 400 — 7
- & o o
[ 3 =
rzoo;/o. 5.1 500 o
- N -
L 7 — 10
g - 6.1x 4.6 Size n "
L 61x46 00327 L
| el 81158 0032 N
z\z 11.4x7.2 0.0315 L 18
r HE 168 x10.1  0.0306 [
— 100 o
I - 20
i HEAD FOR
STRUCTURAL PLATE
CORRUGATED METAL
L 5o PIPE ARCH CULVERTS

I8 IN. CORNER RADIUS
FLOWING FULL
n=0.0327 TO 0.0306

BUREAU OF PUBLIC ROADS JAN. 1963
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CHART 41B

Entrance Conditions (2) (4)
(2) 90° headwall.
(4 Mitered to embankment. I50 +feo0
(5 Thin wall projecting corrugated metal. T 1s o
Fa0 F
10,000 T T
9000 T +4 4.0
8000 Tio T
200 T 6000 t 1
240 + oo T + 3.0
220 1 5000 1
200—— 4000 1,0 1
180 4 3000 T T
T 4 420
160 + Ti6 +
140 T 2000 3 | 118
4 ~ T'4 +16
) 1500 1 4
120 +—
R > 114
T — - x +12 T
1000 + 1.2
3 0T 900 F T G - +
2 T 800 — | T
° 90 4 200 — ¢ +1o 1o
s i @ R S
g 80 -+ ] 600 ° R iars
®» T c 500 Example : <+ T 9
e °7T ~ 400 A= 122211 5 48 T
© (] [ 8
® g0 L = Q- 1014 cfs o 1 +.
- F 300
< + o by +4
P T 2 Entrance HW HW & 1 7
© so0 S Type D |t g 1,
< + Q 200 © 4 !
4 » (2) 0.93 7.37 ®
T o) 4 0.95 7.5 2 4
a0 L 150 @ 2 T 1
o+ 5) 1.03  8.16
-+
1 1 +.6
+ 100
1 90
80 +
30 + <+ .5
1 70
60 45
1 50 T
..)._ 40 4
w B
20 E 4
—— o T -
30 i
L—SPAN ——-l + .4
+ 20 1
4 + .3
10 HEADWATER
10

Duplication of this nomograph may distort scale

Nomographs adapted from material furnished by

Kaiser Aluminum and Chemical Corporation

)

<+ 6.0

4
T

Tt
o
(=]

bbbl
™ T

4.0

i

i

3.0

|

11l

{- 1.2

DEPTH
FOR C.M . ARCH CULVERTS
0.3 < RISE/SPAN <0.4
WITH INLET CONTROL

9.D-43



9.D-44 UDOT Manual of Instruction — Roadway Drainage (US Customary Units),
Culverts

CHART 42B

Entrance Conditions

(290° hesdwall. @ @ (5
(4 Mitered to embankment. T 450 4 s0
+40 F = ol
(5)Thin wall projecting corrugsted metal. I F o
360 1- Fa0 Jao
340 10,000 Tao ¥ I
320 9000 4 + T
300 8000 4 -+ - 30
280 4+ 7000 L 13T
260 —e000 ;- __ Eramons i 5 +
240 T mee T ] 4
5000 — 20— — ~|—
220 + 1 -+
4000 418 ~dao
200 4 20 <4
3000 416 + T8
180 +18 T
T + <4+ 1.6
160 o~ 414 <16 4
2000 o | + . L 14
140 500 = I 1
1 4
T 12
= +12 +12
" 0 z 10 [
100 ~ 1 =+
° 900 1 +1.0
2 100 800 ¢ =+ -+ 10
°® 700 2 19
- 90 * < | 4+ 9 4+
3 5 8° o | 9
o 80 e leg T 4 .
500
: c Example . < -J— 8 1
£ - 400 F- A=2775¢ a T
‘v 70 o 0 1 _1’_ a
3 e 0= 6000 cls o 47
a 69 ® 300 - 4
o Entr 9 i 7
re = ance HW HW - ~+ [' 4 7
] o Type 3] It 4 :
= S 200 z +
g S50 9 (2) 2.03 26.74 g + .6 1
() 4) 240 3164 o
150 (5) Tl T+6 | ¢
40 ( 2.33 30.69
100 15 T 4
90
80 4 - .5
30 70 4 5 7
60
50 . + 4
40 ml
20 g T T
30 t 1
L——SPAN —“ -+
20 +
T .3
HEADWATER DEPTH
10
FOR C.M . ARCH CULVERTS
10 Nomographs adapted from material furnished by
Kaiser Aluminum and Chemical Corporation 0 4 < RISE /SPAN < 0.5

Duplication of 1his nomograph may distort scale WITH l NLET CON T R 0 L
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{(2) 90° haadwail.
(4) Mitered to embankment.

CHART 43B

Entrance Conditions

{5) Thin wall projecting corrugated metal.

400 -—t
I 10,000
< 9000
300 ~—{— 8000
280 L 7000
260 I 6000
240 jE 5000
220 :C 4000
200 ——
-+ 3000
180 4
4+
160 - 2000
-t
140 4
+ 1500
T —
120 4 - —
Ir 1000
- jr. 900
@ 100+ 800
- T 700
[ 90 -{'- )
5 4+ < 600
g %®T c 500
g i c
£ 70 J_ ~ 400
® 4 &)
2 6o I 300
-1 Q
< ]
r< -E e
o ] 2
g 50 :t 9 200
T <)
I 150
w0 I
T 100
+ 90
4 80
30 4 70
+ 60
+ 50
T 40
20 TL— 30
1
20
+
4
-+
10
10 +

—
/
E“'“E”/
/
/
Exampie
A= 105 ft2
Q= 1400 cfs
Entrance HW HW
Type D [t}
{2) 1.50 12.38
{4) 1.75 14.44
(5) 1.63 13.45
!
@
«
X

Nomographs adapted from material furnished by

Kaiser Aluminum and Chemical Corporation

Duplication of this nomograph may distort scale

@ @
-50 6.0
F T
j'_4 0 :E 5.0
T F
q: EE 4.0
—+ 3.0 I
T 1
T ‘J; 3.0
420 1
Qt 8|
+ 420
+1s ‘[:
| © 418
/# T
- +14 +16
S pe I
. +12
4 4
x t+10 | ‘o
S 10T
g T 9 <+ .9
g +
et T
c + T8
S +
a T7 |
. 4.7
: | ]
2t
P4
e ] + .6
+s5 T
45
T
T
+ .4
4 4
4.3
+ 3
HEADWATER

&)

- 6.0

Il
+

5.0

4.0

el il

I\

T 1 1 rtryeret

3.0

3

4+ 3

DEPTH
FOR C.M . ARCH CULVERTS

0.5 < RISE /SPAN

WITH INLET CONTROL

9.D-45
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(N

CHART 44B
.9
L1
%
//
//,
8 /,/
//
7
6
EXAMPLE :
d RISE (D) = 5t 9 in
- SPAN(B) = 16t
AREA (A) = 66.8 ft
S FLOW (Q) = 400 ft /s
+F === RISE/SPAN= 5.75/16 = .36
4 a/a0"%2400/(66.8)(5.75)°%
y 2.8
.4
7 i 10'- .47
7 T
4 de 2 (.47)(8.75) = 2.7 11
74
3 / wi|
/ )
a. ]
=|
«||
2 / x|y
Wiy
L)
L
|
|
A ]
! DIMENSIONLESS CRITICAL
y DEPTH CHART FOR CORRU -
i GATED METAL ARCH CULVERTS
0 | [TTTTIITITL]
(o] 1.0 2.0 3.0 4.0 5.0 6.0 7.0

_A_DO.S
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CHART 45B Q

5000 T 75
Area of
4000 Culvert g 410
3000 SPAN
+15
2604
T 240 ot ¢
220+ 2 _s0 ‘s, 1ao
2000 4 200 0
190F s,
180 0o 1,s
170+ .
150 1 '%° 0,
I . +3.
1500 + 140 % 0
130+ /50 +35
+ 120 % 1o
ot SA +as
. -+ 100 N .
¢ 1000 95+ 7 +s50
.- -+ 90 o7,
G 900 85t R 460
c + 80 7 .
£  8oo 754 Ao
o 700 P / Exomotle . — —=170 -
s _+60__ __,r{ —_ ﬁoas—- H=708 300 -8.0 o
o 600F—— — 55+ / F90 %
> +50 / 1o £
8  so0 a5t 7 Tio =
[3] / 25
2 T4 Fuo ©
a 40 s 5008 Tieo o
+30 EE‘B.O T
F200
300 i
254
120 Area [112] n
200 -
- 20- 60 0.025
- 61-155  0.024
£ 156-260  0.023
5
-
100
HEAD FOR
H
HW y. \—+—a C.M. ARCH CULVERTS
— Lh_o )
Py T FLOWING FULL
Slope Sp —» .
SUBMERGED OUTLET CULVERT FLOWING FULL CONCRETE BOTTO“

0.3 <RISE /SPAN < 0.4

Nomographs adapted from material furnished by
Kaiser Aluminum and Chemical Corporation

Duplication of this nomograph may distort scale
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(A

8000
Area of
4000 Culvert o
i
3000 360 SPAN
T <+ .75
a0 F :;g
280 ¢ <+ 10
+ 260 LS :
2000 240 4
+ 220
200
-+ 180 3
1500 1801 50 18
160 o
+15
140 F - 2.0
0T 130
g 1000 + 10 [ 2
© 900 100 4 - 3.0
c -+ 95
- 800 90 <+
= T as - 3.5
=) 700 8o 78 40 g
70 + 45 ©
s 600 T F50 ¢
g 500 4 s -60 T
@ S0+ -70 o
Q 400 T 45 - 8.0 z
40 +- T 9.0 X
~+ 35 -+ 10.0
300 cample . T <+
30+ - = " + 120
A — ST ..
4 25— — -+ 14.0
— S - T
oo f—— — — _ Area (112) LA T 160
/ _ :: 18-0
204 H 20-150 0.025 T 200
; 151- 360 0.024
c
5
2
100
HEAD FOR
——— C.M. ARCH CULVERTS
H
HW '—‘—-"h FLOWING FULL
[}
- ' em  CONCRETE BOTTOM
ope o —

SUBMERGED OUTLET CULVERT FLOWING FULL 0'4 s RlSE , SPAN < o 5

Nomographs adapted from material furnished by
Kaiser Aluminum and Chemical Corporation

Ouphication of this nomograph may distort scale
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CHART 47B

5000
Area of
4000 Culvert
3000
360 A
] L 75
320 A
2000 280
] - 1.0
240
1500 200
~ 180 F L 15
~ 160 -
N 2
N 140 4 - 2.0
@ 1000 0]
2 i
) 900 2 ] L 2.5
[~
£ 800 1:0: L 3.0
-_— 0 -
o 700 ] 8 o
e 80 ] 3.5 $
o 600 70 1 - 4.0
4 4 L as £
8  s00 60 4 50 x
z . 6.0 ©
400 50 ®
e i - 7.0 ©
40 S g.o
300 7 490
T3s ‘93,7\ + 10,0
301 1120
Area [112] [ T
200 25 —_— — 1140
@ 20-30 0.026 +160
204 3 31-150 0.025 T 18.0
o -+ 20.0
£ 151 360 0.024
[ =
5
-
100
HEAD FOR
C.M. ARCH CULVERTS
- / \ H
MW = 3 FLOWING FULL
— he
1
Do EE——— °°"§?§§f BOTTOM
SUBMERGED QUTLET CULVERT FLOWING FULL 0.5 s sPAN

Nomographs adapted from material furnis!\cd by
Kaiser Aluminum and Chemical Corporation

Duplication of this nomaograph may distart scale
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UDOT Manual of Instruction — Roadway Drainage (US Customary Units),

Culverts
5000
Area of
4000 Culvert o
F
3000 po———— SPAN —-—J L 75
+ 1.0
2000 260+
1 240
220+ 4
T 200
1500 190 T o0 s 5
170 + 0
<+ 160 -9
150 + o T 20
130““0
@ 10004 +120 2
o 900 110 + - 3.0
£ 800 ~ 95 F 1;;0 - 3.5
= 8s 1 - 40 =
=) 700 - 8o~ <l _A=71791% Keeos L 45 o
© 600 170 - 50 T
o 651 0T~ £
H 500 4 60 ers S~Exr - 8.0 T
L -+ —~—
o 58 - 7.0
G 400 T°° 80 g
45 4 - 90 @
4 40 \:‘v- 10.0 T
300 35+ ][12.0
r—
<+ 30 -‘: 14.0
+ 160
25 1 Ares (112 A F 180
200 ' -F 20.0
e 20-60 0.029
T 20 - 61-260 0.028
g
c
5
-
100
=\, HEAD FOR
Hw — h " C.M. ARCH CULVERTS
R
1 W
Stope S0 —w FLOWING FULL

SUBMERGED OUTLET culverT Flowing FULLE ARTH BOTTOM (nb =0.0 22)
0.3 = RISE/SPAN <« 0.4

Nomographs adapted from material furnished by
Kasiser Aluminum and Chemical Corporation

Duplication of this nomograph may distort scale
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5000 1
1 Area of
4000 I Culvert &
<4 o
aooo
4 3604 240 SPAN 17
I 320F
i + 300
+ 280 + 260 <+ 10
2000 + 2401
T +220
I 200 + -1.5
1500 + 180 T 199
+ 160 +170 o
: T1so - 2.0
140 1
. T T 130 25
& 1000 4 120+
6 e00F T~ TWo L= 150 -3.0
£ 800 1:2 Fos — _\gj‘ﬁ;jao/s“ L 3.5
5 710F 185 — o 40 o
e ¥ s 1000y —: 45 o
® 600 ":E 70 + 5.0 c
o ¥ 165 I =
8 soof 60 60 T
7] F +55 rrze  —
@ T -+ L ©
& 400F 50 80
+ <+ 45 - 9.0 Q
I 100 T
1 40 4+ +
300 + + 35 T12.0
I F1a0
4 o4 T14.
T 3 Freo
1 125 Area (1t2) A +18.0
200 + ¥ 20.0
¢ 20-90 0.029
20+ 3 91-360 0.028
—+ -4
=
€
5
-
100 -
VA . C HEAD FOR
HW W
— h
° C.M. ARCH CULVERTS
Siope Sg = e
SUBMERGED OUTLET CULVERT FLOWING FULL FLOW|NG FULL
EARTH BOTTOM (n,_ =0.022)
Nomographs adapted from material furnished by 0.4 < RISE/SPAN <« 0. 5

Kaiser Aluminum and Chemical Corpo

Duplication of this nomograph may distort scate

ration
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5000
Area of
4000 Culvert ?
3000 SPAN
360
34 4 78
s20 1340
300
2000 280 260
240
220
1500 200
180 :::
160
150
, 100 MOT 130
1000
2 120
v %00 10
£ 800 100
- 95 -
o 7100 L 1
o 600 80 5 <
® 7
e ~ ~ 70 €
8 so00 ~ (13 £
@ 55 L B o
[ 400 50 ~ u/'.‘/ Q
s_ - . z
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40 60(;‘:\
300 /s -1
as N & 1
<IN “+12.0
30 \ '1:
. 414.0
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200 25 - — N ~o 6.0
. 20-40 0.030 418.0
g 200
20 3 41-150  0.029 !
2 151-300 0.028
c
3
[
100

HW 4 *—l—‘r
- 4 HEAD FOR

Stope  Sp ~——e

SUBMERGED OUTLET CULVERT FLOWING FULL C.m. ARCH CULVERTS

FLOWING FULL
Nomographs adapted from material furnished by EARTH BOTTOM ( nb = 0.0 22)
Kaiser Aluminum and Chemical Corporation 0 5 S R|SE , SPAN

Ouplication of this nomograph may distort scale
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CHART 51B QO
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CHART 52B
( English Units)
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CHART 53B O
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4
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p
/1
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e eyt . fue] —fe c——
/1
6 / }
// l EXAMPLE °
A RISE (D) = 13 ft
SPAN (B) = 20ft lin
.5 ) i AREA (A)= 201.8 f1°
I FLOW (Q) = 2100 tt Vs
de. 7 N Q/AD = 2100/(201.8X130)"°
D / I =2.9
.4 A W ) d
! - = -68
af|
/ | 4. = (.85)(13) = 8.5 1
A <,
3 / x |
w |
1
/ H
1
2 [ |
1
|
|
}
A !
| DIMENSIONLESS CRITICAL
| DEPTH CHART, STRUCTURAL
i PLATE ELLIPSE LONG AXIS
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0 1 HEEEEEEEREE
0 1.0 2.0 3.0 4.0 5.0 6.0 7.0



9.D-56 UDOT Manual of Instruction — Roadway Drainage (US Customary Units),
Culverts

'Y

CHART 54B
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%
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8
T
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EXAMPLE :
g RISE (D) = 131t 3in
D &
D SPAN (B) = 26 ft
5 / AREA (A) = 294 112
Vi FLOW(Q)= 2000 t1 3/,
(/| A
0 e s g g 4 RISE/SPAN®13.28/26= .81
), Q/AD =2000/(294.0XI3.25)
4 / 2 1.9
v / ¢
7440 —;—- .48
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7L c5(.45)(13.25)= 6,0 {1
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<
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|
T
|
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A
| DIMENSIONLESS CRITICAL
| DEPTH CHART ,STRUCTURAL
| PLATE LOW AND HIGH
| PROFILE ARCHES
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DIAMETER OF CULVERT THROAT (D) IN INCHES

—180
168
186

- 144

- 132

- 120

~ 108

- 96

- 84

36

- 30

-2l

15

\

DISCHARGE PER BARREL (Q/N) IN CFS\

150

=TT 77

T

s 00 NDOS

T
4]

CHART 55B

SCALE ENTRANCE
1)} SMOOTH INLETS (CONCRETE)
(2) ROUGH INLETS {CMP)

ELEVATION

TAPER

J_ PLAN

TAPER MAY VARY FROM
4.1 70 €6l

o
-
o

m
L

DSELILID
EXAMPLE
D=72 INCHES (6.0 FEET)
Q=600 CFS
ENTRANCE _HW, HW
D (FEET)
m 236 4.2
(2) 242 14.8

L 14

I3

Fl2

(n

THROAT CONTROL

FOR SIDE - TAPERED INLETS TO PIPE CULVERT

(CIRCULAR SECTION ONLY)

(2)

2.0

- 1.5

F L4

F13

H1.2

(2)

HEADWATER DEPTH AT THROAT IN TERMS OF DIAMETERS ( HW, /D) IN FT. PER FT.
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CHART 56B

4 -
168 001 SCALE . ENTRANCE TYPE W reo t2) 3
1
156 - () BEVELED EDGE
300 (2) SQUARE EDGE 40
1444 ] 3 THIN EDGE PROJECTING
0.0428 OR 0.0838 30 L
132 L - 4.0
200
30 L
120 L I
108 [ i 3.0
- ~e20-E—t————T
96 & 1001 =" s & L
— :
© 901 e = £
(3] % (NAd rie
t 80 - _u¥ Z |20 3
) — -
84 - - wd -7 (MW e
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9 © _— -6 3 .8 -2.0
4 N 60 ~ T
o _—-—" 0 | Z hir 19
z /// -~ 1S [
z 72 4¢ 3 50 5 1.6 [
- <« 4 w B
- “ FACE SECTION e ¥ Lis g
hod S 40 1 | o ' X
w x ] 1 3
o - f Fi3 <« L) 1.8
< g0 a i THROAT SECTION S ’
w 3 30 1 g %
w o HW, HW ]’ o lis e
© = ] T 2 3z )
o g
5 g —_ 1.2 FIL3
w < 20 T s z
T 484 z ] ] ELEVATION o
@ ] £ tu 2
s 4 TAPER -
w ® 7 A o =
B _ L1,
42 e 1 \ E
o By [} & Lo n
—-— A1 o o
2 1 N : |
- 4 -
10 ‘ N PLAN 5
36 s 9
T TAPER MAY VARY e 0 1.0
8 FROM 4.1 TO 6.1 w :
7 DLELIID x I
6 - EXAMPLE X
30 Rl N 8
E = 72 INCHES (6.0 FEET) -
Ll Q= 600 CFS
INLET HW QB¢ =
4 TYPE TE~ gy FEET '
7
24 ) 20 66 ;
3 A (2) 226 66 9
3 2.65 66 9. 7
2 -~
L6 L
0 @ @ L

FACE CONTROL FOR SIDE - TAPERED
INLETS TO PIPE CULVERTS
(NON-RECTANGUL AR SECTIONS ONLY)
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IN FEET

HEIGHT OF BOX (D)

12

-9

-8

-7

-4

| §— ——

OF CULVERT THROAT (Q/NB) IN CFS PER FOOT

E ____=2_
_— —E—-X—A—"E‘L — x
[
=
>
o
[
w
It}
@
<
x
T
2
o
w
o
=)
—
<
x

EXAMPLE

5'x 5'BOX Q=200CFS
UNB = 40 CFS/FT.

H W,
/p =102
HW; = 5.6 FEET

CHART 57B

600

500

LONELE S

200

A

SIDE- TAPERED

FACE SECTION
THROAT

w1t
Tt _L )
LS So-u

1¥0

1 FACE SECTION
L

L—— FACE SECTION

v

HWs  Hwy
THROAT
So |~ SECTION
Q,\ D
FALL-j 0
S -
VERTICAL FACE
. # BEVELOPTIONAL)
P FACE  BEND
HWe SECTION /- SECTION

SECTION

MITERED FACE

THROAT CONTROL FOR BOX
CULVERTS WITH TAPERED

INLETS

—2.0
- 1.9
- 1.8

=17
F1.6

F1.5

HEADWATER DEPTH AT THE THROAT IN TERMS OF HEIGHT (HW; /D) IN FT. PER FT.
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CHART 58B

4007 ({h 2)
35
-2 b ~ 4.0
300 SCALE ENTRANCE TYPE f 30
-1 i
J {1) 15° TO 26° WINGWALL FLARES
WITH TOP EDGE BEVELED i
io oR 30 - 25
200 26° TO 90° WINGWALL FLARES L
] WITH NO BEVELS ( SQUARE EDGES) |
Lo 4 (2) 26° TO 45° WINGWALL FLARES L
- WITH TOP EDGE BEVELED
) OR i 20
] 45° TO 90° WINGWALL FLARES E -
-8 _ _ _ _EXAMPLE WITH BEVELS ON TOP AND SIDES o
““““““““ S S 2.0 1
5 s I i &
_______ o}
€ s T
-7 & so- ] = I
a 4 EXAMPLE A =
o 9 L5
[vie 1 D= 8 FEET Q= 1200 CFS
=] F =
z 60+ INLET  HW q, B¢ x
- 60 4 TYPE By (FEET) = 14
- ) 1.5 =
@ 50~ x
< m 19 109 0o 2
- 5.5 = E 1.4 = 1.3
~ @ 168 109  nNO [
W 40 '6
2 L3 »
b 5.0 [ E s
W [ L 1.2
[ .
E 30 ~ L ‘2 -
w .
L 4.5 o =
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= , FACE SECTION 1 FACE SECTION Q
.;3 ; : ke a - 1)
L so 20 ‘r‘r"r‘ THROAT w
e ] y THROAT . -chw:' X E
w 1 Hwy b WER 0 &
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<< S, 8~
L 3.8 S5 ] LSe © L8 b o F
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o - L .9 « .9
w 4 w
o l&- b
3o 2 g
' g .8 < .8
« ¥
7 SYMMETRICAL FL.ARE SYMMETRICAL FLARE | L
1 ANGLES FROM 13° TO ANGLES FROM 15° TO
90 90°
6 PLAN PLAN L 7 -7
2.5 TAPER 4 TO | TAPERA4TOI
5 ] -
J
4 |l & | .6
-2.0
3- L L
L. s - .5

" (2)

FACE CONTROL FOR BOX CULVERTS
WITH SIDE TAPERED NLETS



UDOT Manual of Instruction — Roadway Drainage (US Customary Units), Culverts

HEIGHT OF BOX (D) IN FEET

3

L2

EXAMPLE

D=6 FEET
INLET HW

Q=800 CFS
Q B

TYPE D ﬁ (FEET)

n .41 el 131
(2) 1.38 61 3.1
K AMPLE 7

RATIO OF DISCHARGE TO FACE WIDTH (Q/B¢) IN CFS\\PER FOOT

R

3001

[

o

o
1

IS U T U S S N TN

20

P S U U Y

CHART 59B

i\

—4.0
SCALE ENTRANCE TYPE s
(1) 15°TO 26° WING WALL FLARES | 3,
WITH TOP EDGE BEVELED L
OR -
26° TO 90° WINGWALL FLARES [
WITH NO BEVELS R
(2) 26° TO 45° WING WALL FLARES [*20
WITH TOP EDGE BEVELED (s .
OR [ E
45° TO 90° WING WALL FLARES | | ¢ 5
WITH BEVELS ON TOP AND i a
SIDES E
e ol
T ! z
T 3
te—— 12 z
x
VERTICAL FACE 1.1 T
e =4
@
— FACE SECTION 1.0 w
THROAT r w
SECTION o
(23
.9 =
X @
ELEVATION E
H—z*‘ 3 -8 =
w
<
B¢ [
7 ™
- TAPER : &
-
SYMMETRICAL FLARE I 3
ANGLES FROM I5¢ TO 90°
S
PLAN L 6
’ X
&
MITERED FACE ] w
BEVEL(OPTIONAL) &
FACE  BEND 2
HWe M SECTION SECTION .5 z
N o
= o
3 T
[
S=
THROAT
SECTION
4
L4 Lz i3
i
W i
WEID Bt 1 8
CREST !
TAPER L 3
—-u o

FACE CONTROL FOR BOX
CULVERTS WITH SLOPE
TAPERED INLETS

|
1
I
|

(2)
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CHART 60B

FLOW
————

0196 020 0.4 028 03

A) DISCHARGE COEFFICIENT FOR
HW, /Ly > 0.15

3.10
PAVED

/

3.00
2.90
¢, 2.80 )

2.70 /
2.60 /

2.50

¢ 1.0 2.0 3.0 4.0

Hw, ft.

B) DISCHARGE COEFFICIENT FOR
HW, /L, £0.15

]
\\

0.6 07 08 09
hy/HW,
C) SUBMERGENCE FACTOR

English Discharge Coefficients
for Roadway Overtopping

.o
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